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expression of WISP1 in synovium and cartilage. This signiﬁes
that wnt-signaling pathways are activated in preclinical species
and in human disease, and also results in upregulation of ma-
trix degrading enzymes in synovium and cartilage. We also
demonstrated that high synovial WISP1 expression can cause
enzyme-mediated cartilage damage, which may be independent
of IL-1. These results demonstrate a potential role for WISP1 in
experimental OA and in human OA clinical samples.
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Purpose: Site-1 protease (S1P) is a proprotein convertase that
plays an essential role in the processing of latent, membrane-
bound transcription factors such as SREBPs and ATF6, to their
free and active form. While SREBPs are involved in cholesterol
and fatty acid homeostasis, ATF6 is involved in endoplasmic
reticulum stress signaling (ERSS) also called the unfolded protein
response. The importance of S1P in cartilage development and
lipid synthesis was demonstrated in literature by the zebraﬁsh
gonzo mutant with knockdown in S1P, but the exact requirement
of S1P in cartilage development is not known. The goal of this
study was to analyze the requirement of S1P in cartilage and
bone development.
Methods: Cartilage-speciﬁc S1P knockout mice (S1Pcko) were
created by crossing S1Pf/f mice (homozygous for the S1Pﬂox
allele in which exon 2 of S1P is ﬂoxed) with S1Pf/+; Col2-Cre
mice (heterozygous for the S1Pﬂox allele and positive for the
Col2-Cre transgene in which the Cre recombinase is under the
inﬂuence of the cartilage-speciﬁc type II collagen promoter) to
generate cartilage-speciﬁc deletion of S1P activity. S1Pcko mice
and wild type littermates were studied by histology, immunohis-
tochemistry (IHC), in situ hybridization, and electron microscopy
techniques. Extraction of collagens from cartilage were done
with 4M guanidine-hydrochloride (Gu-HCl) followed by pepsin
digestion and analysis by western blotting.
Results: S1Pcko mice suffer from severe chondrodysplasia with
deformed limbs. Histological studies show a lack of endochon-
dral ossiﬁcation in S1Pcko mice even though mineralization of the
hypertrophic cartilage, expression of type X collagen and VEGF
occur normally. Ihh signaling pathway and osteoblastogenesis
pathways are intact in S1Pcko mice. However, S1Pcko mice have
an abnormal matrix. While there is no decrease in the number
of chondrocytes in the limbs, the cells are more densely packed
and randomly oriented. There is also a dramatic increase in
chondrocyte apoptosis in the cartilage of S1Pcko mice. Western
blot analysis of Gu-HCl-extracted and pepsin-digested cartilage
from S1Pcko mice shows a signiﬁcant decrease in Col2 protein
extraction from S1Pcko cartilage. IHC analysis of the distribution
of type IIA collagen and type IIB collagen shows that both type
IIA and type IIB collagen proteins are expressed. However, while
type IIA collagen is incorporated into the matrix, the incorpora-
tion of type IIB collagen into the matrix is disrupted in S1Pcko
mice. Type IIB collagen appears to be primarily trapped inside
the cell presumably in the ER. Electron microscopy of S1Pcko
cartilage shows that the ER is engorged and fragmented and the
deposition of collagen ﬁbrils into the matrix is not consistent.
Conclusions: S1P is essential to endochondral ossiﬁcation and
in the genesis of a normal cartilage matrix which is the forerunner
for endochondral bone morphogenesis. It had been thought that
ERSS was stimulated only by mutant proteins. However, in this
study the disruption of S1P resulted in ER stress like-symptoms
such as engorgement and fragmentation of ER even in the
absence of a mutant cartilage protein. As ATF6 is required for
ERSS and is a substrate for S1P, ERSS is likely to be defective
in S1Pcko chondrocytes. These results suggest that the ERSS
is a normal metabolic event in chondrocytes likely due to the
dramatic increase in secreted proteins. Thus for the ﬁrst time,
we show that chondrocytes have a unique secretory apparatus.
Understanding of this pathway should be useful in cartilage
diseases and tissue engineering.
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CARTILAGE INNATE IMMUNITY AND OA: THE SHARED
TLR AND IL-1 RECEPTOR ADAPTOR MYD88 IS CENTRAL
TO BOTH CHONDROCYTE HYPERTOPHY AND MATRIX
CATABOLISM
R.L. Bryan, C. Yoon, R. Terkeltaub
VAMC, UCSD, San Diego, CA
Purpose: Low-grade joint inﬂammation in OA cartilage promotes
altered chondrocyte differentiation and matrix catabolism, medi-
ated partly by IL-1, TNFalpha, and chemokines and the induction
of chondrocyte hypertrophy. However, chondrocytes also express
TLRs and their adaptors involved in innate immune responses.
Moreover, at least one endogenous TLR2 and TLR4 ligand (low
molecular weight hyaluronan (LMW-HA)) is increased in the joint
as OA progresses. Stimulation of chondrocytes by microbial
TLR2 and TLR4 ligands such as peptidoglycan (PGN) and LPS
induces matrix catabolic responses in vitro. Since MyD88 is a
critical and shared adaptor protein for the IL-1 receptor and TLRs,
we probed the roles of TLR2, TLR4 and MyD88 in chondrocyte
differentiation and function pertinent to phenotypic changes that
develop in OA.
Methods: We studied immature primary mouse knee articu-
lar chondrocytes and femoral head cap cartilage explants from
two months old MyD88 knockout (KO), TLR2/4 double KO and
congenic wild type mice. Stimuli given were cytokines, PGN,
puriﬁed LPS (pLPS) or LMW-HA for up to 3 days. GAG re-
lease, nitric oxide (NO) generation, MMP-3, MMP-13, ADAMts5
and the chondrocyte hypertrophy marker Type X collagen ex-
pression were analyzed by the dimethyl methylene blue (DMB)
colorimetric assay, the Greiss reaction, and Western blotting, re-
spectively. In addition, we examined Type X collagen expression
in bovine knee articular chondrocytes transfected with dominant
negative MyD88 or with Tollip (the ubiquitin-binding protein that
suppresses both IL-1R and TLR signal transduction).
Results: First, IL-1β, PGN and pLPS induced GAG and NO
release, MMP-3, MMP-13 and ADAMts5 expression in wild type
but not MyD88 KO mouse femoral head cap explants culture
or knee chondrocytes in control studies. Second, MyD88 KO
suppressed chondrocyte activation by TNFalpha (which is nei-
ther a TLR or IL-1 receptor agonist) in mouse cartilage explants
and chondrocytes. Speciﬁcally, MyD88 KO caused a >70% drop
in GAG and NO release (p<0.05), and it decreased MMP-3,
MMP-13 and ADAMTS-5 expression in response to TNFalpha.
Third, MyD88 KO attenuated TNFalpha-induced Type X collagen
expression in mouse chondrocytes. Fourth, dominant negative
MyD88 and Tollip transfection attenuated Type X collagen expres-
sion in normal bovine knee articular chondrocytes in response to
cytokines TNFalpha and CXCL8. Last, LMW-HA induced MMP-3
and MMP-13 expression in wild type, but LMW-HA failed to do
so in either MyD88 KO or TLR2/4 double KO mouse cartilage
explants and knee chondrocytes.
Conclusions: MyD88 is central for mediating chondrocyte dif-
ferentiation and catabolic responses not only to IL-1β but also to
TNFα and CXCL8 and to the endogenous TLR2 and TLR4 ligand
